Nonspecific antibodies, which are thought to be nonprotective, have been shown to contribute a substantial proportion of the measured concentration in the standardized immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) for pneumococcal polysaccharide capsular antibodies. The presence of such antibodies in human immunodeficiency virus (HIV)-infected persons has not been evaluated. The amount of nonspecific antibodies is proportional to the reduction in IgG antibody concentration that occurs with serum absorption with the heterologous polysaccharide 22F. We measured the amount of nonspecific antibodies before and after vaccination with the pneumococcal conjugate vaccine (PCV; n ‫؍‬ 33) or the pneumococcal polysaccharide vaccine (PPV; n ‫؍‬ 34) in HIV-infected adults with CD4 counts of >200 cells/mm 3 . Blood was drawn before and 2 months after vaccination. For prevaccination sera, we found a substantial amount of nonspecific antibodies for serotypes 4, 6B, 9V, and 23F (23 to 47% of measured IgG concentration), but not for serotype 14. There tended to be proportionately less nonspecific antibodies in postvaccine sera than prevaccine sera for PCV, but not for PPV. Subjects with a low HIV viral load (<400 copies/ml) had proportionately more nonspecific antibodies than those with higher viral load before and after both vaccines. After 22F absorption, the geometric mean concentrations of antibodies were significantly higher post-PCV than post-PPV for the high viral load group for all five serotypes, but for no serotypes in the low viral load group. These findings confirm that absorption with a heterologous pneumococcal polysaccharide (e.g., 22F) is necessary to remove nonspecific antibodies in a standardized IgG ELISA for pneumococcal capsular antibodies in HIV-infected adults.
The pneumococcal conjugate vaccine (PCV) has been found to be effective for preventing severe pneumococcal disease in infants and toddlers (2, 3, 9) . Because of PCV's effectiveness in children, there is interest in determining the utility of this vaccine among adults who have high rates of pneumococcal disease (5) . One such group is human immunodeficiency virus (HIV)-infected adults, who have an up to 50-fold increased risk of invasive pneumococcal disease (12, 19) . As with infants, HIV-infected persons tend to have a diminished immune response to the pneumococcal polysaccharide vaccine (PPV) (1, 5, 10) . Likewise, protection provided by PPV might be limited in HIV-infected persons, particularly in those with advanced disease (4, 8, 11) .
Before considering efficacy studies in adults, the immunogenicity of PCV should be evaluated. Antibody concentration as measured in the immunoglobulin G (IgG) enzyme-linked immunosorbent assay (ELISA) may not correlate directly with vaccine efficacy in adults. Antibody concentrations do not always correlate with their functionality. This fact was shown in one study in the elderly, in which the antibodies produced to PPV had poor functional activity (23) . An IgG ELISA measures not only serotype-specific antibodies but also nonspecific antibodies in adults (6, 7, 24, 27) . Nonspecific antibodies, which are felt to be nonprotective, have been shown to contribute over half of the measured concentration in the ELISA for some serotypes in some immunocompetent adults (6) . ELISAs can be made more specific for serotype-specific pneumococcal capsular antibodies by reducing nonspecific antibody binding through absorption with a heterologous polysaccharide (6, 24) . It has been suggested that serotype 22F be used for this purpose because it has a substantial amount of the common epitopes of these nonspecific antibodies and it is not included in the new conjugate vaccines, although it is included in PPV (6) .
In a previously published study, we reported the results of a randomized, placebo-controlled immunogenicity trial of PCV in HIV-infected adults (10) . We found that PCV elicited higher antibody concentrations and functional antibody activity than did PPV to four of five serotypes tested (serotypes 4, 6B, 9V, and 23F, but not serotype 14) , although the antibody responses were still lower than those in immunocompetent adults. A second vaccination with either PCV or PPV given 8 weeks after the first PCV dose produced no further increase in immune responses. In that study, we reported only antibody concentrations after absorption with 22F to remove the nonspecific antibodies. Here we report in greater detail on the effects of these nonspecific antibodies in measuring and interpreting the immune response to pneumococcal vaccines in HIV-infected adults.
MATERIALS AND METHODS
A double-blinded, randomized trial of pneumococcal vaccines in HIV-infected adults Ͼ17 years old with CD4 counts of Ն200 was conducted in infectious disease clinics at the VA Greater Los Angeles Healthcare System, Los Angeles, Calif., and at Grady Health Systems, Atlanta, Ga., from January 1998 to June 1999 (10) . We obtained written informed consent from all study subjects in accordance with the Institutional Review Board guidelines of the Centers for Disease Control and Prevention (CDC), the VA Greater Los Angeles Healthcare System, and Emory University. Vaccines administered were the heptavalent conjugate pneumococcal vaccine (Wyeth-Lederle) containing 2 g of capsular polysaccharide from each of six serotypes (4, 9V, 14, 18C, 19F, and 23F) and 4 g of capsular polysaccharide from serotype 6B, covalently linked to a total of 20 to 25 g of CRM 197 , a nontoxic mutant diphtheria toxin; the 23-valent pneumococcal polysaccharide vaccine (Wyeth-Lederle) containing 25 g of each of 23 capsular polysaccharides; and a saline-alum phosphate placebo vaccine (WyethLederle). Subjects were randomly assigned to one of four study groups. The study groups received one of the following two-dose regimens, the doses being given 8 weeks apart: group a, conjugate-conjugate; group b, conjugate-polysaccharide; group c, placebo-polysaccharide; and group d, placebo-placebo. Eight weeks after the second vaccine dose, the study pharmacist unmasked the study groups and subjects who had not received PPV(groups a and d) were given PPV, because the Advisory Committee on Immunization Practices recommends PPV for HIV-infected adults (5) . Blood for immunologic assays was drawn before and 8 weeks after vaccination. In this analysis, we compared the immune response 8 weeks after a single dose of PCV (groups a and b) with that after a single dose of PPV (groups c and d).
Sera were frozen at Ϫ70°C within 4 h of collection. Specimens were shipped on dry ice to the CDC in Atlanta for testing. Sera were tested for antibody concentrations to serotypes 4, 6B, 9V, 14, and 23F. Total IgG anticapsular antibody concentrations were measured by a previously described ELISA protocol that measures binding of serotype-specific IgG to antigen-coated ELISA wells (20) . The assay included absorption of a 1:200 dilution of serum with cell wall polysaccharide (C-PS; 10 g/ml). Serum samples were assayed a second time using a modification of the above protocol, which included absorption with a heterologous pneumococcal polysaccharide of serotype 22F at a final concentration of 16 g/ml, optimized for the lot number and assay used in the CDC laboratory (10) . The standard reference serum (89S-F) and quality control sera were absorbed with only C-PS. We analyzed optical density data using a previously defined method (20) .
Sera were also tested for functional antibody activity to the same five serotypes by means of a previously described standardized opsonophagocytosis assay (22) . This assay used viable bacteria as the target cells and differentiated HL-60 granulocytes as the effector cells. Opsonophagocytic titers were given as the reciprocal of the serum dilution yielding Ն50% killing of the bacterial inoculum compared with the complement controls. Sera with opsonophagocytic titers of less than 1:8 (lowest measurable titer) were reported as having a titer of 4.
Viral load testing was done on plasma using reverse transcriptase PCR that provided quantification of copies of HIV RNA (Amplicor; Roche Diagnostics, Nutley, N.J.). Viral load at the initial visit (range, Ͻ400 to 358,000 copies/ml) was used to dichotomize individuals as having low viral load (Յ400 copies/ml) or high viral load (Ͼ400 copies/ml).
Total IgG was measured at the initial visit using a commercial nephelometric test kit (Minineph; The Binding Site Ltd., Birmingham, United Kingdom). Serum specimens were diluted and added to human IgG antiserum to form insoluble immune complexes (16) . The scatter of light through the suspension measured the total protein concentration and was quantified against a standard curve. In another study using the same technique, the mean value in healthy adults was 9.9 g/liter (95% confidence interval, 6.4 to 13.5 g/liter) (16) .
For the statistical analysis, antibody concentrations and opsonophagocytic titers were log-transformed to approximate normal distributions. The geometric mean concentrations and titers were obtained by taking the antilogarithm of the means of the log-transformed values. Baseline antibody concentrations and opsonophagocytic titers were compared using analysis of variance (ANOVA). Differences in the reduction in IgG concentrations with 22F absorption were determined by the Wilcoxon rank sum test for nonparametric continuous variables. Correlations between serotype-specific IgG concentrations and opsonophagocytic titers were calculated using the Pearson correlation coefficient. Differences between correlation coefficients were compared using a standard formula (Scientific tables; GEIGY.) We compared the postvaccination geometric mean concentrations (GMC) using a mixed ANOVA model, controlling for baseline IgG concentrations, race, and study site (PROC MIXED; SAS version 8.02).
RESULTS
Baseline demographic characteristics were similar among the 33 subjects who received a single dose of PCV and the 34 subjects who received a dose of PPV (10) . The prevaccination geometric mean antibody concentrations were similar for both groups, both with and without 22F absorption (Table 1) . Baseline opsonophagocytic titers were also similar between the two groups.
For the prevaccination sera for both vaccine groups, absorption with 22F significantly reduced the IgG binding for serotypes 4, 6B, 9V, and 23F, but not for serotype 14 ( Fig. 1) . Absorption with 22F caused a greater reduction in prevaccination IgG binding for these four serotypes in subjects with a low viral load than in those with a high viral load (Table 1) .
After a single dose of either vaccine, there continued to be a reduction in the IgG binding with 22F absorption for serotypes 4, 6B, 9V, and 23F (Fig. 1) . However, the amount of reduction in IgG binding tended to be less post-PCV than pre-PCV (P Ͻ 0.05 for serotype 4); this difference was not found with PPV. As in the prevaccine sera, the amount of reduction in IgG binding with 22F postvaccine was greater in the low viral load group than in the high viral load group (Table 1) . After 22F absorption, the post-PCV GMCs were significantly higher than the post-PPV GMCs for the high viral load group for all five serotypes, but for none of the serotypes in the low viral load group (Table 1) . With 22F absorption, there were no significant differences in the post-PCV GMC between the low and high viral load groups. In contrast, the low viral load group tended to have higher post-PPV GMCs than did the high viral load group (P Ͻ 0.05 for type 14) . When analyzing the vaccine response based on the use of highly active antiretroviral therapy (HAART) rather than viral load, we found that the post-PCV GMCs were also higher than the post-PPV GMCs in persons not on HAART, but not for persons on HAART, for all five serotypes (both with and without 22F absorption). However, HAART use was strongly associated with lower viral load (P Ͻ 0.0001).
There was no difference in the total IgG between the low and high viral load groups. The median IgG concentration for the low viral load group was 17.1 g/liter, and for the high viral load group it was 17.6 g/liter (P ϭ 0.35, Wilcoxon rank sum test).
Serotype-specific IgG concentrations and opsonophagocytic titers were poorly correlated (r Ͻ 0.30) for prevaccination sera, both with and without 22F absorption, except for serotype 14 ( Table 2) . After PCV vaccination, the correlation improved significantly for serotypes 6B, 9V, and 23F and tended to be higher with 22F absorption than without, except for serotype 14. The post-PCV correlation tended to be higher in the high viral load group than in the low viral load group (data not shown). After PPV vaccination, the correlation improved significantly for serotype 4 but remained poor for serotypes 6B, 9V, and 23F. The correlation remained significant for serotype 14 after both vaccines. The post-PCV correlation, with 22F absorption, was significantly higher than the post-PPV correlation for serotype 9V and tended to be higher for serotypes 6B and 23F.
DISCUSSION
Our findings show that in HIV-infected adults a substantial amount of nonspecific antibodies are measured in the standardized IgG ELISA. This was true for four of the five serotypes tested, the exception being serotype 14. These findings confirm that absorption with a heterologous polysaccharide, such as serotype 22F, in order to remove these nonspecific antibodies is an important step in the ELISA for pneumococcal capsular antibodies in adults, including those who are HIV infected (5, 6, 24, 27) .
Both children and adults have nonfunctional antibodies to pneumococcal C-PS. Because antibodies to C-PS can account for part of the measured antibody concentration in serotypespecific ELISAs, current ELISA protocols call for removal of these antibodies by absorption with C-PS prior to running the serotype-specific assay (20) . However, more recent work has shown that even after absorption with C-PS, the ELISA often measures some quantity of nonfunctional, nonspecific antibodies (5, 6, 24, 27) . It is unclear to what antigens these antibodies are targeted, but it has been hypothesized that they are directed towards common epitopes that link the C-PS with the polysaccharide capsule (6) . There is conflicting evidence about b For PCV, low viral load n ϭ 18; high viral load n ϭ 14. c Low load was Յ400 copies/ml; high load was Ͼ400 copies/ml. d Percent reduction was calculated by study subject, so it may differ slightly from the percent reduction in GMC. e P Ͻ 0.05 (comparing percent reduction between low and high viral local groups using Wilcoxon rank sum test). f P Ͻ 0.05 (comparing post-PCV7 and post-PPV GMCs using a mixed ANOVA model). g P Ͻ 0.01 (comparing GMCs using a mixed ANOVA model controlling for study site, race, and prevaccine GMC). h P Ͻ 0.05 (comparing GMCs using a mixed ANOVA model controlling for study site and race).
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on August 27, 2017 by guest http://cvi.asm.org/ whether nonspecific antibodies are present in infants as well as in adults. One study showed that these antibodies were not present in infants (6), while another showed that they were present, although in a lower concentration than in adults (24) .
Other studies have shown that there is a decrease in the proportion of antibody that is nonspecific after vaccination with PPV in adults (6, 24) and PCV in infants (24) , suggesting that the vaccines elicit more serotype-specific antibodies than nonspecific antibodies. In our study, there was some decrease in the relative amount of nonspecific antibodies after PCV, but not after PPV. In addition, the correlation between ELISA IgG concentrations and opsonophagocytic titers tended to improve after PCV but not PPV. Unlike in other studies (6, 25) , in our study the removal of nonspecific antibodies with 22F absorption did not significantly improve the correlation between ELISA IgG concentrations and opsonophagocytic titers, although there was a trend towards improved correlation in the post-PCV sera. This lack of improvement in the correlation may be due to production of small amounts of functional serotype-specific capsular antibody or the diminished functional activity of these antibodies in HIV-infected individuals.
Individuals who had a low viral load had more nonspecific antibodies than did those with a high viral load, both before and after either vaccine. The amount of nonspecific antibodies in the low viral load group was similar to that found in non-HIV-infected immunocompetent adults (6) . The reason for this difference based on viral load is unclear. We considered whether this finding might be related to differences in the degree of hypergammaglobulinemia that tends to develop fairly early in the course of HIV disease and then diminish as the disease progresses (14, 18) . However, the finding that high and low viral load groups had similar total IgG concentrations would make this explanation unlikely. Both low and high viral load groups had total IgG concentrations higher than those reported in previous studies in immunocompetent adults (16) .
The immune response varied by viral load more for PPV than for PCV. The low viral load group tended to have higher antibody concentrations after PPV than did the high viral load group. In contrast, the responses to PCV were similar between the two viral load groups, especially after 22F absorption. The response to PCV was significantly greater than that to PPV among the high viral load group, but not among the low viral load group. Other studies have also shown the immune response to PPV is better when a person's CD4 count is higher, when presumably the viral load is lower, except for soon after seroconversion (1, 13, 15, 21) . Functional B-cell responses tend to show hyporesponsiveness in HIV disease independent of any T-cell defects, as shown by poor immunogenicity to T-cellindependent antigens (18) . This finding may explain the poor response to PPV among HIV-infected persons, especially among those with worse virologic control. T-cell-dependent B-cell activation is also impaired in HIV disease (17, 18) . However, the immune response to PCV, which because of conjugation with the CRM 197 protein elicits a T-cell-dependent humoral response, did not vary by viral load group. This finding suggests that even in the high viral load group there might have been enough helper T-cell function to elicit an equivalent response. Our study did not include patients with CD4 counts of Ͻ200, and so we could not observe what happens with further depletion of CD4 T cells when T-cell-dependent B-cell responses might deteriorate more precipitously. This finding has been observed in other studies among HIVinfected adults, one with PCV and one with Haemophilus influenzae type b conjugate vaccine, in which the immune response to the conjugate vaccines in individuals with CD4 counts of Ͻ200 was poor, producing less antibodies than vaccination with the pneumococcal and H. influenzae type b polysaccharide vaccines, respectively (1, 26) .
In conclusion, our study showed that nonspecific antipneumococcal antibodies are present in HIV-infected adults, although their presence may diminish in persons with higher viral loads. Future immunogenicity studies of the serotypespecific response to pneumococcal vaccines in HIV-infected adults should absorb out these antibodies with a heterologous polysaccharide, such as 22F, as part of the ELISA in order to better interpret the results.
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